Attorney Docket No. 2734.0341-00000 



UNITED STATES PATENT APPLICATION 
OF 

KANG CHANG YEH 
GARY L. WORRY 
THOMAS N.KERSHAW 
AND 

HENRY S. OSTROWSKI 
FOR 

MFTHOD OF MAKING A NON COMPACTED PAPER WEB 
CONT^^G fSS^I^NG fiber USING A CHARGE CONTROLLED 
^ aS) a SINGLE PLY TOWEL MADE BY THE PROCESS 



METHOD OF MAKING A NON COMPACTED PAPER WEB 

contaS ™d long fiber SSrMlnE"^T^?S 

HEADBOX AND A SINGLE PLY TOWEL MADE BY THE PROCESS 

PTfTpnFTHFTNVFNTIQN 

The present invention relates to a method of making a paper web having superior 
strength, absorbency and softness. The invention further relates to a non-compacted paper web 
produced with a headbox furnish composition maintained at an average anionic charge level in a 
specific range. More particularly, the invention relates to a non^ompacted paper web made 
from a refined long fiber furnish containing high levels of wet strength additives at an average 
anionic charge level in the headbox in a specific range. StUl more particularly, the present 
invention relates to a single ply towel product having improved strength, softness and 
absorbency. 

p ftrpncnl INT) '^F TF' ""^TION 

Folded md roU pap« toweling, such as that med in commercial, -away-from -home" 
disp«^s. is a reladvely modest product normally sold ahnost exclusively on the basis of cost 
since the pu«*aser is rarely the user. Because improved performance rarely justifies even a 
^ increase in cost, techniques for improving the .^ity of this product have previously 
^e^aroundthosesatisfringthemoststringentofeconomiccrit^. Recent market trends 
have se«, a shift toward improved product characteristics: however, economics are stiU closely 
monitored. 

Traditiondly, the production of away-ftom-home toweling occurs by one of three basic 
technologies: (i) conventional wet press technology with w« creping and «l*ossing; (ii) 



conventional wet press technology with dry creping and embossing; and most recenUy (iii) 
through-air-drying without creping. Each of these technologies has its own advantages and 
disadvant^es. 

Conventional wet press technology with wet creping and embossing results in a product 
5 having good strength when saturated with aqueous liquids. TTiis technology suffers from the 
disadvantage that the product lacks sufficient absorbent capacity and softness. As described in 
U.S. Patent No. 5,048,589 to Cook et al.. herein incorporated by reference in its entirety, towels 
g made from a conventionally wet pressed, wet crepe process "are normaUy strong even when 

i saturated with liquid, but often lack desirable levels of absorbent capacity, absorbent rate, and 

PJ 

;||o softness." 

■ 5 Conventional wet press technology with dry creping and embossing results in a product 

having good absorbent capacity and softness; but the product lacks strength when saturated with 
aqueous liquids. U.S. Patent No. 5,048,589 to Cook et al. describes products made by this 
method as . .soft towels [that] possess high levels of absorbent capacity and absorbent rate, 
however, these soft towels are also very weak and tend to break apart when saturated with 
liquid." 

Through-air-drying without creping is also disclosed, for example, in U.S. Patent No. 
5.048,589. The '589 patent discloses towels with good absorbent capacity and strength when 
saturated with an aqueous liquid. Uncrepe technology as described in the '589 patent was 
developed to overcome some of the difficulties m making soft, strong, and absorbent wiper 
towels. 
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Although through-air^g with both creping and embossing can result in a product that 
is relatively soft and absorbent, this product is generally regarded as a retail in-home towel 
because of its marginal strength. For example, a particularly successful through air dried towel 
marketed as a retail in-home product is two-ply Bounty®. Two successful high quality away- 
from-home folded towels are single-ply KC Surpass® 50000 and Scott Select® 189. The 
geometric mean wet tensile strength of Bounty® is approximately 895 g/3". while the geometric 
mean wet tensile strengths of KC Surpass® 50000 and Scott Select® 189 are generally 1297 g/3" 
and 970 g/3", respectively. Clearly, conventional retail in-home through-air dried towel products 
are lower in strength. So, for applications where strength is an important consideration, e.g., in 
the area of away-from-home toweling, traditionally through-air-drying is not coupled with 
operations that lead to a decrease in strength, for example, dry creping or embossing. 

The present invention provides a method of overcoming the disadvantages associated 
with each of the prior art technologies. The method according to the present invention produces 
a single-ply towel using through-air-drying, creping, and embossing that does not suffer from the 
marginal strength of prior art towel products while maintaining both high softness and good 
absorbency. Hiis is accomplished through the use of an anionic/cationic thermally cross-linking 
strength additive system at a headbox charge controlled to a specific anionic range; preferably in 
conjunction withafiirnish having as its major component, refined long 

wet strength/dry strength resins. 

Prior art through-air-drying processes do not provide a method for making a strong, soft, 
and absorbent away-from-home hand drying towel using high levels of refined softwood, adding 
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high levels of wet sttengU. resin, and .uiding wet/diy sttengtb resins «, m'-pn^.yy conm.1 

headbox charge to a specified anionic range. 

U S. Patent No. 3,998,690 to Lyness et aL, incorporated herein by reference in its 
cntirrty.disclosesachenticainocculation technique for v-sing short fiber to make bulky 

FloccWatio„ofthefiMushtends,oproduceaggr.ga.csthatappar.mlyc».seashor,fib« 
to act ilk. a long fiber Lyness e. al. discloses the use of we. strength resins or other 

catiomc agents and anionic agents for inclusion in a bifi^ated tonish which r«^ the use of 
a complex stock systm. Although Lyness et al. discloses th« a stoichiometHc ch^ge density 
balance oftheanionic/cadonicpairscanbe used, they do notinclude the tenshaspartrf 

charge balance. Furthermo^, measuring and controUing headbox charge to a specific anionic 
range for improved wet strength is not considered by Lyness et aL 

T^erearenumerousschemesformeasuringd^chargestateofawetendsystem. Twoof 

rhemostcommonmethodsaredescribedbelow-.^tapotentialviamicro^lectrophore^^ 

titratable charge. 

When a negatively charg«J particle, such as a wood pulp fiber, is susp««led in an 
aqueous solution, the negative surfice attracts a considerable number of p<»itive coumerions 
nexttotheelectrifiediW^&ce. The count«ions next to the electrified interface are strongly 
a,^ intoathin layer ref«redtomthe.iter«ureasth.S.ernUyer.men.pa.ticlemovesta 

^iution. liquid imm.dl-.ly adjacent to the particle surface moves with the same velocity. Hus 
orimownboundary layer is referred to asthe shear surfeceandcontainstheSt^nlayer. 
Th«for.,inafib«fbrnish.soluti„nandcoun,erionsar.boundto the moving electdfiedfib« 

particle in the shear/Stem layer. 
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Counterions tend to diffiise away fiom an electrified surface because of thermal motion, 
but they are also attracted by coulombic forces. These opposing effects cause charge 
concentration variations which effect the double layer potential in solution. Zeta potential is the 
double layer electrical potential at the shear surface. Salts added to a solution suppress the 
electrical potential or double layer potential in solution, and thus, reduce the zeta potential 
without changing the charge on the particle. 

The most common technique for measuring zeta potential is by microelectrophoresis. 
Microelectrophoresis techniques require a particle dispersion to be placed in a cell and an electric 
field applied. The velocity ofthe particles is determined, e.g., microscopically. The mobility is 
calculated as the particle velocity per unit electric field. The zeta potential is then calculated 
from the Hehnholtz-Smoluchowski equation as the mobility times the viscosity of medium 
divided by the dielectric constant of medium. 

The electrostatic charge associated with papermaking particles and polyelectrolyte 
additives defines the cationic or anionic demand of a papermaking system. Hie most popular 
technique for measuring the state of charge of a wet end system is to titrate a papermaking 
sample, like a headbox sample, with known concentrations of standard cationic or anionic 
solutions. Frequently, the end point ofthe titration is zero streaming current or zero 
electrophoretic mobility. (Tl.e streaming curn^nt detector is an instrument used for charac^^^ 
colloidal surface charge by measuring the current generated by mobile counterions when charged 
material adheres to piston and cup walls while the piston moves.) THe amount of standard 
charged material needed to neutralize the papermaking or headbox sample gives the charge state 
of the system. 
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D«ails on bofl. the decttophoretic mobility and dtnoable charge techniques can be fom,d 
inPrinciplesof Conoid and Surface Chemistry by P. Hiemenz and in Chapter 4: APElMfilUif 
n I II l-ll-in-f in we. strength Resin and Their 

Application (L. Chan, Editor, 1994). 
5 Thecombineduseofcatiomcandanionicstrengthadjustingagentstoenhancethe 

«rengthproper,iesofpap.r»*shasbeen.hesubiectofmuchdiscussion.CharlesW.Neal.A 

I nil n i ,11-- -f -n ^r-r^ " T<^IS^--No,es describes 

i «veralcommodyutaizedwets.r«.g.hadditives.d»irp«pa.ationandchemicalstr^^^ 
1 „„ss.linkingreactions,a,rf.heireffectonwets«ng.hproperties. Ms review includes a 
'!„ discussion of cationic/^ionic additive systems such as the PAE/CMC (polyamidepolyamine- 

^ehlorohydrin/carboxy methyl cellulose, systen. Neal describes d« cationic additive as acting 
as a retention dd for the anionic additive, Neal discloses v«t «.d chemistry parameters for 
.^umv^ets^engthproperties for thePAEresinsystemas including operationofthewetorf 
a,apH level that isneutraltoslighUyalkdinewithmininuz^ionoffteecUorinevUthe^ 

1 5 an antichlorine agent. 

Early development of a PAE/CMC system is described, for example, in U.S. Patent No. 

•«««itn Hercules Keim et al. discloses a process for the production 
3,058,873 to Keimetal., assigned to Hercules. Keimcioi 

oflmprovedv«,s.,engthpaperusingPAE.yp.c«ionicresi„sand««.rsolubleg^ 
ft„„,hegroupconsis,ingof™ter^lubleceUuloseethers(e.g. CMC) and cationic sta^^ 
Keim etal.sta.eti,e improved wet st^ngthftomthePAEX^MC system isduetoasynergistic 
efi«, involved whenPAEa.^ CMC areusedmcombinationSubscuen, won. by Hercules is 

described in. for example, Heri^er. R Espy. Po l y ll^mmmi^) - Fl.irhlon)hv< l vri" R«i a. 
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Conference Proceedings. Espy discusses the mechanism by which CMC contributes to retention 
of P AE beyond the simple demand by the pulp, thus improving not only wet strength but also dry 
strength of the paper web. For example, when CMC is added to a system containing high levels 
of PAE. a less cationic coacervate is formed, enabling more PAE to be deposited on the fiber. If 
excessive levels of CMC are added, anionic coacervates are formed which are not adsorbed onto 
the pulp fibers. Tins added retention is referred to by Espy as the synergy of these two strength 
additives. Espy describes electrophoretic mobility as a basis for determining optimum 
CMC/PAE ratios. Espy does not address the effect of the charge on the headbox furnish as a 
n^eans for controlling and optimizing strength additives toapaper web 

properties. 

Tteee methods for mv«tig««mg charge to fiber suspensio,^ are described m Eirfsal 

P T^-^ ^ r nt ^ ^"""^^ i" ^l^-M"^Wn. OmB by M. Wolf. The 

article which is incorporated hereii. by reference «as published in Wochenblatt fuer 
PapierfibrikaSon. V01118. No. ll/n, pp. 520-523. Jm«.im The meftods reviewed were 

p„lyelec«.ly« tiuation (PE) wifl. o-toMdine blue CTBO) as an mdicator, polyelectroly« 
ti«tion usmg the sBeannng cun«« dettc«,r (SCD) signal as the endpoto. and electrophoresis. 
PE with TBO as an indicator measures the anionic and caUonic demand of pulp sl»rH«. and 
filtraesvUabaekdtration scheme which is plagued with p.ccedur,lpn>blemsofal.erm^ 

sample with distilled wat« and precisely determining the end point value visuJly. This 
,.d^,«w.susedm.p.p.rboardminoperatingwitf.n«ives..r* Table 2 m this article 
showsthatthe headbox ch^gewasmanovercationizationsta^-outsidethe range ofint^es. 



for operating a wet strength system on a towel and tissue paper machine. Also, Table 3 in this 
article shows that the addition of cationic starch increases the cationic nature of the mixing chest 
stock. For this example, no mention of controlling and measuring headbox charge in the range of 
less than about 0 to -1 15 meq X IQ-'/lO ml is made when cationic starch is added. Also, cationic 
materials like wet strength resins and anionic materials like dry strength agents were not added, 
and the rate was not set so that headbox charge was adequately constrained. 

The second technique for measuring stock charge conditions described in Wolfs article 
uses polyelectrolyte titration with the SCD to determine end point. This technique is a 
substantial improvement over the PEABO method. The specific anionic consumption (SAC) 
and specific cationic consumption (SCC) are outputs of the test. Since samples are not diluted 
with water, the ionogenity of the solution is maintained. 

Examples in Table 4 of Wolf s article show the analysis of anionic trash in a groundwood 
containing coated paper machine using PE/SCD. Cationic fixing agents were used to eliminate 
anionic ttash. The headbox charge was measured and reported to be extremely negative. The 
values are clearly outside the range of interest for operating a wet strength system on a towel and 

tissue paper machine. 

Table 5 shows PE/SCD results when cationic starches are used. Addition of cationic 
starch, especially starch B, increases bond strength. Headbox charge was not measured. 

In one example in Table 5 and in another example in Table 6 of Wolfs article cationic 
starch is added in combination with anionic starch. White water PE/SCD values were measured. 
For the data in Table 5 the white water PE/SCD value increased (i.e. moved from a negative 
value to a less negative value) with a slight increase in bond strength. The data in Table 6 shows 
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a decrease in white water PE/SAC values (i.e. moves from a positive value to a less positive 
value) with a corresponding increase in bond strength. Headbox charge was not measured. Hiis 
article does not disclose the use of cationic wet strength agents/anionic dry strength agents as a 
means to maximize wet strength properties for a non-compacted hand drying towel. 
Furthermore, data from Table 5 does not disclose controlling and measuring headbox charge in 
the range of less than about 0 to -1 15 meq x 10^/10 ml by controlling anionic/cationic starch 
levels. 

Table 7 in Wolfs article shows data comparing the PE/SCD measurement with the 
electrophoretic mobility values. Measurements were made at headbox. cleaner stage, and 
machine chest. Zeta potential and PE/SCD values show that the system is slightly negative. 
Although PE/SCD charge values in the headbox are in the range of less than about 0 to -1 15 meq 
X lO-^/lO ml. the charge was not manipulated by using anionic/cationic additives. 

In conclusion. Wolf measures PE/SCD at various points in a paper machine system but 
fails to showthat maximum wet strength occurs when headbox charge is controlledmtheran^^ 

of less than about 0 to -1 15 meq x lO^/lO ml by appropriately adjusting the cationic wet strength 
resin content and anionic dry strength resin content. 

The P. H. Brouwer article entitled Thr FHntiomhip m^rm 7f t fl PotfTlTifll lon i c 
u.^ u Affec t. ^---^"H R.tention (Tant>i Journal/January. 1991. p. 170) describes 
schemes for optimizing wet end starch retention by optimizing first 
retention aids and by keeping zeta potential and cationic/anionic demand clo^ 

example of a paper machine making coating base paper from mechanical pulp and CaCO, filler 
vdth0.5o/opolyaluminumcMoride(PAC) added at the mixing chest. 0.8O/O cationic potato 



added just before the fan pump, and 0.02% retention aid before the headbox, COD levels 
exceeded acceptable limits. When PAC was increased to 1% and COD decreased from 200 mg/1 
to 1 55 mgA, headbox cationic demand was reduced to 100 meq x 10^/10 ml (i.e. headbox charge 
was -100 meq x lO-*/10 ml). In a second example. 80 g/m^ packaging paper was made from a 
furnish consisting of 36% bleached long fiber. 38% bleached short fiber. 20% broke, and 6% 
filler. Rosin and alum were added at 17.5 Kg/ton and 50 KgA". respectively. By adding 1.5% 
anionic potato starch phosphate, headbox anionic demand decreased to 50 meq x 10^/10 ml (i.e. 
headbox charge was +50 meq x 10^/10 ml). The addition of anionic potato starch phosphate 
improved dewatering. gloss and dry tensile strength. 

An article by McKague entitled PrartiCfl] Appligation of Thf Flf^TrokingtigS of 
Eapsmaking in Tappi/December. 1974. Vol. 57. No. 12. p. 101, reviews the application of 
electrokinetics to photographic papermaking systems. Their experimental data shows that 
maximum wet and dry strength occur at -0.75 electrophoretic mobility when a small amount of 
anionic dry strength resin was added to the photographic papermaking system. The other 
ingredients in the system are cationic starch, cationic wet strength resin, anionic sizing material, 
and hydrolyzed aluminum salt. The amount of materials, the types of resins, and where they 
were added were not disclosed in the article. 

An article by Patton & Lee entiUed rhnrgf Analvscs; Po^^rrfiil Tofth in Wet End 
Qptunia^ in 1993 Papermakers Conference Proceedings, p. 555. reviews charge analysis 
schemes: zeta potential. coUoid titration ratios and charge demand titrations. Hie article states 
that zeta potential is an indirect indication of the density of charges on a particle surface; zeta 
potential and electrophoretic mobility are measurements of the same material characteristic; and 
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zeta potential has the disadvantage of being ionic strength and temperature dependent. Patton et 
al. describes charge titration as the second major category of wet end charge analysis methods; 
however, Patton et al. dismisses charge titration as an effective method of predicting furnish 
response to wet end chemistries. Patton et al.. while disclosing that either monitoring system can 
flag possible changes in machine performance and efficiency, clearly states that measurement of 
zeta potential is necessary to accurately predict system response to retention aids. 

A case study is presented for the wet end of the alkaline fme paper machine using 
precipitated calcium carbonate filler, dual polymer retention systems, internal size, and wet end 
starch. Charge demand titrations showed that the wet end was cationic; the machine suffered 
considerable deposits which resulted in holes and breaks. The cationic donor in the dual polymer 
system was slowly reduced; sizing increased while headbox charge became slightly anionic -20 
to -60 meq x 10^/10 ml. The article by Patton & Lee focused on sizing systems. 

An article by W. H. Griggs and B. W. Crouse entitled Wet F n d Sir i np - An Overview in 
Tappi/June, 1980, Vol. 63, No. 6, p. 49, reviews the types of sizing materials and the 
interrelationship of sizing to electrokinetics. pH. and formation. They show that maximum wet 
and dry strength levels occur at -7 mv of zeta potential for a complicated wet end system 
containing dry strength agents, brighteners. dyes, size, Ar\ and wet strength agents. 

An article by E. E. Moore entitied J)mm?^ i^nd RetgnTion Mfrhanif?ms of Papermak i ng 
.■■^^^-Trmril-r-^^-^— ^"^v"''" Tappi/January. 1975, Vol. 58. No. I , p. 99, shows 
that optimum drainage or retention of a papemiaking system in which a drainage and retention 
aid is used does not necessarily correlate with the point of zero zeta potential of the substrate 
surface. In a bleached pulp system containing alum, drainage increases when zeta potential is 
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increased by adding cationic polyacylamide. Furthermore, in a bleach pulp system containing 2 
Ib/T alum, the addition of 1 IhfT cationic polyacrylamide changed the zeta potential from 0 to 
+30 mv. while improving permeability by more than SO-Zo. This data was generated with pulp 
samples refined in deionized water. The polymer treated samples (alum/cationic polyacylamide) 
were washed and used to measure streaming potential. 

An article by E. Sandstrom entitied Fint Pj^S'? Fingfi Rrtf nTlon rritirfll TO Ffficigncv of 
u;..Qt..nath Resin in Paper Trade Journal/January 30, 1979, p. 47, shows that optimum wet 
strength results were obtained at -6 mv headbox zeta potential for an amphoteric retention aid 
polymer and at -3 mv headbox zeta potential using a low molecular weight quaternary amine. 
He concludes that first pass retention can be mcreased for better wet strength resin performance 
through zeta potential suppression and through the use of high molecular weight polymers. This 
article also discloses negative effects of excessive use of retention aids (i.e. positive charge in the 
headbox): excessive yankee adhesion and felt filling. 

An article by Dixit et al. incorporated herein by reference entitled Prt e m i on Stratggiw for 
^ p;.. p.^.W^. . .nth S.rondm Fib>T A Cm HistOFY in Tappi Journal, April. 1991. 
p. 107. reviews methods for measuring charge: zeta potential, colloidal titration ratio, and 
cationic demand. A case study was discussed showing schemes for improving first-pass 
retention in blue basestock. THe highly anionic blue dye was causing system charge unbalance 
and adversely affecting first pass retention. A cationic low molecular weight, high charge 
density polyamine polymer was added to the machine chest for total retention a^^ 

retention improvements. System charge was redu^ from -25 mv to -13 mv of zeta potential. 
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An article by C. King entitled ^H t-"-"""" M-r^hine Oneralion in 1992 Papermakers 
Conference Proceedings, p. 5, discusses four schemes for measuring charge: electrophoresis, 
seaming potential, streaming current, and coUoidal titr«ion «ith an end point color change. 
King does no. distinguish one method versus another when describing charge in his article. 
While King does refer to charge, it is clear that King is. in fact, referring to zeta potential, 
.pnmtities related to zeta potential or quantities related to a« sign of ti« charge. 

EdW Strazdin has written a number of articles discussing tite measurement of mobility 
(related to «ta potential) on fiber ftmishes. In the article Entided FW,r f^ ffrlin, Frt^lion 
Sj^tEaiAddito in Tappi, Vol. 53. No. 1, January, 1970. p. 80, Strazdm discusses the role of 
cationic long chain polymers on retention of emulsion-type sizing agents. He also discusses ti.e 
colloidal and r«ention characteristics of melamine fonnaldehyde wet strengft resin and how 

ti,ese characteristics are affected by elecrokinetic charge. ^ «cp«iments were laboratory 
Noble and Wood handshe« studies and mobUity measurements were made on dUuted duck stock 
samples after chemical additioa For a syntitetic size based on a cellulose reactive stearic 
anhydride, ti>e addition of a cationic polyamine caused siing to maximize at zero mobility. 
Changingmobilitywitittiteadditionof sulfate ion or ferricyanide ion led«,ama=dn,mn in w« 

tensilestr^tgUtaszeromobiUtywasappB^ched. Using carboxymedtylceUulose to vary 
mobiUty. maximum we. strengti. occurred at positive mobUiQr, apparenfly due to particle size 
variation with charge density changes. 

in d.e article entided rnli mimtin- ■ ^"i"- ''^'•^ ^ F l fcm)pll««» i» 

Tappi, July, 1977, Vol. 60, No. 7. p. 1 13, Sttazdin shows fl». sizing and we. sttengti. of a 
photographic grade pap« were optimized by balancing, essentially to z«o. U,e ele«rokin«ic 
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mobility through the neutralization of the cationic charge with anionic dry-strength resin. Fiber 
furnish was high-alpha cellulose bleached sulfite; fatty acid anhydride emulsion was used as the 
sizing agent; cationic polyamine-epichlorohydrin resin was used as the wet strength agent; and 
an anionic polyacylamide dry-strength agent was used to balance charge. Experiments were 
performed on handsheets. Mobility measurements were made on stock filtrate. 

In the article entitled Mi rrHr^ f'-""-"^ TTiPorv and Practice in 1992 Papermakers 
Conference Proceedings, p. 503, Stradzin shows the importance of microelectrophoresis for 
optimizing wet-end chemistry. A maximum in wet strength occurs at zero electrophoretic 
mobility where mobility was varied by adding a cationic promoter to a cationic polyacrylamide 
system contammated with a constant level of anionic carboxy methyl cellulose. Another 
experiment shows that retention maximizes at zero zeta potential when zeta potential was varied 
by changing cationic guar gum levels. Stradzin criticizes non-zeta potential schemes for 
n^easuring wet end chemistry properties, e.g. pad techniques. CTR, saying that they produce 
results with varying degrees of deviation from the correct values. 

In Chapter 4 of Wet Strength Resins and Their Applications (1994, Editor. L. Chan) 
, „„,i, ,1 ,i,n,ir,i n f F l-tT-H n - ti- - nrtin^i^^tion of Wet Fnd rhemistrv , Strazdin 
thoroughly reviews techniques for measuring electrokinetic charge, e.g. zeta potential, streaming 
current detector, colloidal titration ratio, and cationic demand. He shows that wet tensile strength 
isamaximum at zero mobility foracationic polyacrylamide resin containing v^^^^ 

anionic carboxy methyl cellulose. In an article by Strazdin entiUed, m e mic ^l AMsCanOffsrt 

, ,HrTinW---^^-^-^"-«- - * P^P"' ''''' "^^'^ 

techniques for assessing the effectiveness of chemical additives for improving retention are 
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discussed, including dual polymer retention aid systems. Furthermore, his results show that a dry 
strength resin is most efficient if added to a long fiber firaction versus a short fiber fraction. 

U.S. Patent No. 5,368,694 to Rohlf et al. discloses a method for controlling pitch 
deposition from aqueous pulp suspension having neutral or cationic charge defined as -100 meq 
X 10^/10 ml to +800 meq x 10-*/10 ml. The method involves contacting the pulp suspension 
with a water soluble anionic polymer or anionic surfactant to change pulp suspension charge to at 
least -150 meq x 10-*/10 ml without negatively effecting the quality of paper and further 
contacting the paper machine equipment surfaces with a water soluble cationic polymer or 
surfactant that has a charge density of at least 0.1 meq/g. U.S. Patent No. 5.368,694 argues 
against maintaining pulp suspension charge from less than aboutOto-11^ 
suggests that aqueous pulp suspension should be maintamed at a soluble charge of at least -1 50 
meq x 10^/10 ml, preferably increased to greater than -200 meq x 10^/10 ml and most preferably 

greater than -300 meq x 10-*/10 ml. 

U.S. Patent No. 4,752,356 to Taggert et al. discloses a method for controlling cationic 
material additives in order to neutralize a papermaking slurry containing anionic contaminants 
using total organic carbon measurements of samples of slurry as an indicator of cationic demand. 
Taggert et al. discovered that TOC measurements of filtered papermaking slurry samples 
correlate with cationic demand of the slurry. They advocate measurement of TOC of slurry 
samples before final chemical addition. To set limits on TOC for optimal papermaking 
conditions would requireaunique relationship between TOC and cationic charge. A^^^ 

relationship of TOC versus cationic demand is not demonstrated in the '356 patent. 
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•nie role of zeta potential or the closely related quantity, electrophoretic mobility, for wet 
end optimization has been a factor of much debate in the literanire. Brouwers, previously cited, 
describes the results of pulp filtrate conductivity experiments where conductivity varied by 
adding Na:S04. Brouwers states that, "[a]t low conductivity, a zeta potential of close to zero 
(e.g., -2 mv) would provide optimum papermaking conditions, because hardly any anionic trash 
is left (low cationic demand). However, at higher conductivities, disturbing amounts of anionic 
trash are still present at a zeta potential of -2 mv." TTierefore, setting targets based on zeta 
potential can lead to conditions where cationic demand is eitiier low or high. As determined in 
conjunction witii the present invention, it is better to set targets based on the system charge. 

Anotiier example where setting limits on zeta potential for optimum papermaking 
conditions lead to system difficulties can be found in an article by Strazdin in Pulp & Paper. 
March, 1984. p. 73, previously cited. Strazdins discloses that the use of electrokinetic charge or 
mobility as tiie sole guideline is only applicable to fiimishes that contain low levels of 
electrolytes, i.e. where tiie conductivity is low. Strazdins asserts that tiie arguments become 
different if tiie furnish contains high levels of dissolved electrolytes, i.e. the conductivity is high. 
In tiiat case, the range of coulombic forces is greatly reduced and the magnimde of tiie mobility 
decreases to a low value regardless of tiie extent of stoichiometric charge balance and tiie amount 
of dissolved anionic contaminants in tiie aqueous phase. Strazdins tiius suggests tiiat it is 
difficult to set proper limits on zeta potential for optimum papermaking conditions. 

The afore described literattire is neitiier conclusive nor consistent in determining 
optimized zeta potentials. Based upon tiie prior art's widely varying optimums in zeta potentials, 
appropriate operating ranges have been difficult to predict. 
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nie present invention overcomes disadvantages associated with the prior art by providing 
an effective means for producing a soft, absorbent, strong non^ompacted away-from-home hand 
towel by combining refined long fiber with high levels of cationic wet strength resin/anionic dry 
strength agents where the cationic/anionic resins 
within a specified anionic range 



are varied so that headbox charge is controlled 



c^T|.^>[^pv OF THF, TNVENTIQN 

Further advantages of the invention will be set forth in part in the description which 
follows and in part will be apparent from the description. Ihe advantages oftheinvent^^^ 

be realized and attained by means ofthe instrumentalities and combination 

out in the appended claims. 

To achieve the foregoing advantages and in accordance with the purpose of the invention. 

as embodied and broadly described herein, there is disclosed: 
A method of forming an aqueous web comprising: 

supplying to a headbox an aqueous stream comprising a major proportion of refined long 
fiber having an average weight-weighted fiber length offrom at least about2mm to a^^^^ 
,nm,andaminor portion ofasecond fiber selected from the group consisting ofharf^^^ 
recycle fibers, secondary fibers, nonwoody fibers, eucalypn. fibers, high yield fibers, thermally 
curled fibers, thermally cross-linked bulking fibers, and mixmres thereof; 

supplying to the aqueous stream a cationic wet strength agent selected from the group 
consisting of polyamide-epihalohydrin resins, thermosetting polyacrylamide resins, urea- 
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fonnaldehyderesins,melanunefonnaldehyderes^^ 
about 15 to about 30 lbs/ton of total fiber in the fimiish; 

supplying to the aqueous stream an anionic strength agent selected from the group 
consisting of carboxymethyl celluloses, carboxymethyl guar gums, anionic starches, anionic guar 
gums, anionic polyacrylamides and mixtures thereof; 

measuring the total anionic charge carried by the aqueous stream; 

controllingthe amountofcatiomc wet strengthagent and aniomc strength ag^ 

thenetchargeoftheaqueousstreamintheheadboxismaintainedintherangeoffrom^^^^ 

about zero to about -1 15 meq x lO"* per 10 ml; 

depositing the aqueous stream onafirst moving foraminous support to formaweb; 

non-compactively dewatering the web depositedonthe removing foraminous 
toaconsistencyintherangeoffromabout 10o/otoabout30%; 

transferring the web to a second moving foraminous support; 
drying the web to a consistency of at most about 98%; 
removing the web from the forammous support. 
There is fiirther disclosed: 
A fibrous web comprising: 

. ^ porton of «fi«d long fib« bavin, » av^c w.i,h..weigh«d fibc of 

from at least about 2 mm to about 3.5 mm; 

a^^po^ionoffiberseleo^dftom*. group consi^ing of hart^ood fibers, r^yC. 

fib«,fl«rnally cross-liBkedbuUdng fiV»rs. arKlrnixru^ 
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a cationic wet strength agent selected from the group consisting of polyamide- 
epihalohydrin resins, thermosetting polyacrylamide resins, urea-formaldehyde resins, melamine 
formaldehyde resins, and mixtures thereof in an amount of from about 15 to about 30 lbs/ton; 

an anionic strength agent selected from . carboxymethyl celluloses, carboxymethyl guar 
gums, anionic starches, anionic guar gums, anionic polyacrylamides. and mixtures thereof; 

the web having a machine direction stretch of at least about 8%, a cross-direction wet 
strength of at least about 29 g/3 inAb of basis weight, and a tensile modulus of stiffoess less than 

about 150 g/in-%. 

There is still fiirther disclosed: 

A single ply towel product having a basis weight from 15 to 35 Ib/rm; a geometric mean 
wet tensile strength from 500 to 2200 g/3 in; an absorbency from 125 to 400 g/m^ and a tensile 
modulus of stiffiiess from 50 to 150 g/in-% made by a process comprising: . 

supply to a headbox an aqueous stream comprising a major proportion of refined long 
fiber having an average weight-weighted fiber length of from at least about 2 mm to about 3.5 
nmi. and a minor portion of a second fiber selected from the group consisting of hardwood fiber, 
recycled fiber, secondary fiber, nonwoody fibers, eucalyptus fibers, high yield fibers, thermally 
curled fibers, thermally cross-linked bulking fibers, and mixtures thereof; 

supplying to the aqueous stream a cationic wet strength agent selected from the group 
consisting of polyamide-epihalohydrin resms. themiosetting polyacrylamide resins, urea- 
formaldehyde resins, melamine formaldehyde resins, and mixtures thereof in an amount of from 
about 1 5 to about 30 lbs/ton of the total fiber in the fiamish; 



-19- 



supplying to the aqueous stream an anionic strength agent selected from the group 
consisting of carboxymethyl celluloses, carboxymethyl guar gums, anionic starches, anionic 
guar gums, anionic polyacrylamides, and mixtures thereof; 

measuring the total anionic charge carried by the aqueous stream; 
controlling the amount of cationic wet strength agent and anionic strength agent so that 
the net charge of the aqueous stream in the headbox is maintained in the range of from less than 
about zero to about -115 meq x lO-* per 10 ml; 

depositing the aqueous stream on a first moving foraminous support to form a web; 
non-compactively dewatering the web deposited on the first moving foraminous support 
m to a consistency in the range offrom about 10% to about 30%; 

transferring the web to a second moving foraminous support wherein the speed of the 
second moving foraminous support is at least about 2% less than the speed of the first moving 
foraminous support, thereby imparting a fabric crepe to the web of at least about 2%; 
P drying the web to a consistency of at least about 40%; 

1 5 transferring the web to an intemaUy heated drying cylinder, 

removing the web from the internally heated drying cylinder by a creping step wherein 
the creping imparts a reel crepe to the web of at least about 2%; 

embossing the web to a sufficient degree to reduce its tensile modulus of stif&iess by at 

least 10%. 

20 Finally, there is disclosed: 



ry 
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A single ply towel product having a basis weight from 15 to 35 Ib/rm; a geometric mean 
wet tensile strength from 500 to 2200 g/3"; an absorbency from 125 to 400 g/m^ and a tensile 
modulus of stiffiiess from 50 to 150 g/in-% made by a process comprising: 

supplying to a headbox an aqueous stream comprising a major proportion of refined long 
fiber having an average weight-weighted fiber length of from at least about 2 mm to about 3.5 
, and a minor portion of a second fiber selected from the group consisting of hardwood fibers, 
;ycle fibers, secondary fibers, nonwoody fibers, eucalyptus fibers, high yield fibers, thermally 
curled fibers, thermally cross-linked bulking fibers, and mixtures thereof; 

supplying to the aqueous stream a cationic wet strength agent selected from the group 
consisting of polyamide-epihalohydrin resins, thermosetting polyacrylamide resins, urea- 
formaldehyde resins, melamine formaldehyde resins, and mixtures thereof in an amount of from 
about 1 5 to about 30 lbs/ton of total fiber in the furnish; 

supplying to the aqueous stream an anionic strength agent selected from the group 
consisting of carboxymethyl celluloses, carboxymethyl guar gums, anionic starches, anionic guar 
gums, anionic polyacrylamides, and mixtures thereof; 

measuring the total anionic charge carried by the aqueous stream; 
controlling the amount of cationic wet strength agent and anionic strength agent so that 
the net charge of the aqueous stream in the headbox is maintained in the range of from less than 
about zero to about -115 meq x 10"* per 10 ml; 

depositing the aqueous stream on a first moving foraminous support to form a web; 
non-compactively dewatering the web deposited on the first moving foraminous support 
to a consistency in the range of from about 10% to about 30%; 
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nanstemng the web to a secowl moving foraminous suppoit; 
drying the web to a consistency of at most about 98%; 
removing the web ftom the foraminous support. 

Tie accompanying drawings, are includ«i to provide a farther understanding of the 
inv««i„n««larei.co,porat«Jinandconsdmteap.rtof,hespecifica.ion. Thedtawings 
illustrate embodiments otthe invention and. together with the description, serve to explain .he 

principles of the invention. 

pi^TFf p |:grBTP TTT)M THF P'^ awtngs 

Figure 1 illustrates the relationship between monadic feel oftowel when drying h^^^ 

and geometric mean wet tensile strength. 

Figure 2 illustrates the relationship between monadic speed of absorbency when drying 
hands and geometric mean wet tensile strength per unit basis weight 

Figure 3 illustrates the relationship between monadic speed of absorbency when drying 
hands and the geometric mean wet tensile strength. 

Figure 4 illustrates the relationship between sensory softness and geometric mean wet 

tensile strength. 

Figure 5 iUustracs the reladonship b«ween monadic overall rating and g«Hn«ric mean 

wet tensile strength. 

Figure 6 iUustrates the relationship b«ween tensUe modulus of sUf&ess and geometric 
mean wet tensile strength. 
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Figure 7 illustrates the relationship between absorbency and geometric mean wet tensile 
strength. 

Figure 8 illustrates the relationship between absorbency and geometric mean wet tensile 

strength per unit of the basis weight 

Figure 9 illustrates the relationship between monadic thoroughness of hand drying and 

geometric mean wet tensile strength. 

Figure 10 Ulustrates the relationship between wet geometric mean breaking length and 

headbox titratable charge for PAE/CMC systems. 

Figure 1 1 illustrates the relationship between wet geometric mean breaking length and 
headbox streaming current for PAE/CMC systems. 

The present invention is a fibrous web having improved strength, softness, and 
absorbency. The web is formed by supplying to a headbox an aqueous stream containing fiber to 
formafiirnish. The stream preferably contains as its major componentafiberha^^^ 
weight-weighted fiber length of at least about2mm to about3.5 mm, more preferably from 

about 2.2 mm to about 3 .2 mm and most preferably from about 2.4 to about 2.8 mm. As used in 

the present applicationthe term "major component" refers to an^^^^ 

more. Preferred amounts of this long fiber are greater than about 60% and most p«^^^ 

amounts are greater than 70%. 

Th. «ood fibers confined m Ae major component of ttK fteni* to U» 

„Ul«r3«dm the pulptogproeessfomgymnosperms or coniferous Thep^ticuto 
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coniferous tree and pulping process used to liberate the tracheid are not critical to the success of 
the present invention. The papennaking fibers can be liberated from their source material by any 
of a number of chemical pulping processes familiar to the skilled artisan including sulfate, 
sulfite, polysulfite, soda pulping, and the like. TTie pulp can be bleached if desired by chemical 
means, including for example, the use of chlorine, chlorine dioxide, oxygen and the like. 
Furthermore, papermaking fibers can be liberated from source material by any one of a number 
of mechanical/chemical pulping processes familiar to the skilled artisan including mechanical 
pulping, thermo-mechanical pulping, and chemi-thermomechanical pulping. TTiese mechanical 
pulps can be bleached, if desired, by a number of familiar techniques including but not limited to 
alkaline peroxide and ozone bleaching. Hie fibers of the major component of the furnish are 
preferably selected from softwood kraft fibers, preferably northern softwood kraft fibers, and 
mixtures containing as a major portion northern softwood kraft fiber. 

The web of the present invention also contains a minor component pulp. These mmor 
component wood fibers are liberated in the pulping process from angiosperms or deciduous trees. 
The particular deciduous tree and pulping process used to liberate the tracheid are not critical to 
the success of the present invention. For example, the papermakmg fibers can be liberated from 
their source material by any one of the number of chemical pulping processes familiar to a 
skilled artisan including sulfete. sulfite, polysulfite. soda pulping, etc. The pulp can be bleached 
if desired by chemical means including the use of chlorine dioxide, chlorine, oxygen, etc. 
Furthermore, papermaking fibers can be liberated from source material by any one of a number 
of mechanical/chemical pulping processes familiar to the skilled artisan including mechanical 
pulping, thermo-mechanical pulping, and chemi-thermomechanical pulping. lUese mechanical 
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pdps can be bleached, if desired, by a „™ber of familiar techniques including but not limited to 
alkaline peroxide and ozone bleaching. Besides using pulp generated from deciduous trees, the 
„u„or component pulp can com. ftom diverse matetial origins including recycle or secondary 
fibers, eucalypnts and non-woody Hbers liberated from sabai grass, rice straw, banana leaves, 
paper mulb«ry (i.e.. bast fiber), abaca leaves, pineapple leaves, esparto grass leaves, and plant 
material from the genus hesperolae in the toily agavaceae. Preferred nonwoody fibers include 
those disclosed in U.S. Patent No. 5,320,710, U.S. Paten.No. 3,620,91 1 and Canadian Patent 
No. 2,076,615, which are incorporated herein by ref^nce. Finally, papennaking fibers can be 

Uiermally curled and thermally cross-linked, if desired. 

This fiber is suppUed to the headbox as a mmor portion of the aqueous stream containing 

the longer fiber or can be supplied separately. AS used in the preset appUcation the term -minor 

component- refers to an amount 50% or less. Preferred amounts of this minor component pulp 
are less than about 40% and the most preferred amounts are less than 30%. 

The web of the present invention also preferably contains a cationic d^rmally-curing, 
wet-strength-adjusting agent A n».-«d»ustive list of cationic wet-strength-adjusting agents 
includespolyamideepihalohydrin, alkaline-curing wet strengthresins-polyacryl^^^^^ 

curing wet strength resins; urea formaldehyde, acid-curing we, strength resins; and melanine- 
formaldehyde. acid-curing we.s.rengthresins.Areasonably comprehensive listof^^ 

resins is described by Westfelt in ri ||,iln,r rhrmi'trv and Ta,Mo»V. Volume 13. p. 813. 
1979, which is incorporated herein by reference. 

' Thenno^tting cationic polyamide resins are reaction products of an epihalohydrin and a 
water soluble polyamide having secondary anionic g«ups derived fiom polyalkylene polyamine 
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and saturated aliphatic dibasic carboxylic acids containing from 3 to 10 carbon atoms. These 
materials are relatively low molecular weight polymers having reactive functional groups such as 
amino, epoxy. and azetidinium groups. Description of processes for making such materials are 
included in U.S. Patent Nos. 3,700.623 and 3.772,076. both to Keim and incorporated herein by 
reference in their entirety. A more extensive description of polymeric-epihalohydrin resins is 
given in Chapter 2: AUfnlfr" -^"""^ P'^'v^'^^ Aminr-F,PichlmhYdrin by Espy in Wet • 
Strength Resins and Their Application (L Chan. Editor. 1994), herein incorporated by reference 
in its entirety. The resins described in this article faU within the scope and spirit of the present 
invention. Polyamide-epichlorohydrin resms are commercially available under the tradename 
KYMENE® from Hercules Incorporated and CASCAMID® from Borden Chemical Inc. 

Thermosetting polyacrylamides are produced by reacting acrylamide with diallyl 
dimethyl ammonium chloride (DADMAC) to produce a cationic polyacrylamide copolymer 
which is ultimately reacted with glyoxal to produce a cationic cross-linking wet strength resin, 
glyoxylated polyacrylamide. Hiese materials are generally described in U.S. Patent Nos. 
3,556,932 to Coscia et al. and 3.556,933 to Williams et al., both of which are incorporated herein 
by reference in their entirety. Resins of this type are commercially available under the tradename 
of PAREZ 63 INC by Cytec Industries. Different mole ratios of acrylamide/DADMAC/glyoxal 
can be used to produce cross-linking resins which are usefiil in the present invention. 
Furthermore, other dialdehydes can be substituted for glyoxal to produce thermosetting wet 
strength characteristics. The use of wet strength resins with the above variations fall within the 
scope and spirit of the present invention. 
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Preferred cationic strength adjusting agents include polyamide-epihalohydrin resins, 
polyacrylamide resins, uiea-formaldehyde resins and melamine formaldehyde resins. The 

;trength adjusting agent is preferably selected from polyamide-epihalohydrin resins such 
KYMENE® and CASCAMID® and glyoxylated polyacrylamides, and is most preferably 
selected from polyamide epichlorohydrin resins. The cationic strength adjusting agent is 
preferably added in an amount of at least about 1 5 to about 30 Ibs^, more preferably from about 
20 to 30 IbsH", and most preferably about 25 to 30 IbsA". 

The web of the present invention also preferably includes an anionic strength adjusting 
agent. Preferred anionic strength adjusting agents are selected from the group consisting of 
carboxymethyl cellulose (CMC) with various degrees of substitution and molecular weight, 
- including CMC-7LT®, CMC-7HT®, CMC.12MT®, CMC-7MT® from Hercules; 

carboxymethyl guar (CMG) with various degrees of substitution and molecular weight, including 

1 GALACTASOL SP722S® from Hercules; anionic starch, including REDIBOND 3030® from 

2 National Starch; anionic guar gums; and polyacrylamides, including ACCOSTHENGTH 77 1 ® 
15 and ACCOSTT^NGTH 514® from Cytec Industries. Tht anionic strength adjusting agent is 

more preferably selected from carboxymethyl cellulose and carboxymethyl guar and is most 
preferably selected from carboxymethyl cellulose. 

The cationic and anionic strength adjusting agents are added so that the net charge of the 
aqueous stream at the headbox is maintained in the range of from less than about zero to about 
-1 15 meq x 10^ per 10 ml. More preferably, the net ch^ge is from less than about zero to -50 x 
10- per 10 ml. Still more preferably, the net charge is from about -5 meq x 10- per 10 ml to 
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about -100 meq x 10^ per 10 ml, and most preferably, the net charge is from about -10 meq x 
10"* per 10 ml to about -100 meq x 10^ per 10 ml. 

In preferred embodiments of the presem invention the net charge on the aqueous stream 
at the headbox is measured and controlled. The net charge on the headbox furnish may be 
measured periodically usmg a polyelectrolyte titration with streaming current used as an end 
point, for example, Mutek Model PDC.02 or PDC-03. Other methods for determining the 
titratable charge on the aqueous stream will be evident to the skilled artisan, for example, 
polyelectrolyte titrations can use electrophoretic mobility to determine endpoint or a color 
indicator like 0-toluidine blue to determine end point Other standardized positive and negative 
charged agents besides DADMAC or PVSK can be used. 

In one preferred embodiment of the present invention, titration is carried out using an 
automatic titrator from MetUer such as models DL 12 or DL 2 1 . and a Mutek model PCD-02 
particle charge detector to determine the end-point According to this embodiment, a sample of 
the fiimish from the headbox would be filtered through an 80 mesh screen to remove the long 
fibers. 10 mis of this filtrate would then be transferred to the piston cup assembly of the Mutek 
PCD.02 particle charge detector and titrated with standardized DADMAC or PVSK reagent. 
The end point would be takenatzero streaming currentasindicatedbytheMutekPCD-02. Net 

chargeisreportedasmeqxlO^perlOmlsofsample. Titrations should be carried out within 20 
minutes of taking the sample. Standardized PVSK (polyvinylsulfonate potassium salt) and 
DADMAC (poly diallyldimethyl ammonium chloride) can be obtained from Nalco Chemical 
Co., Field Systems Department, 6233 W. 65th Street, Chicago, Illinois 60638. 
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Once strength adjusting agents have been added to the furnish and it is at a slightly 
anionic charge, the fiber slurry is preferably deposited onto a foraminous support or forming 
fabric from a forming structure. The forming structure can be a twin wire former, a crescent 
former or any art recognized forming configuration. The particular forming structure is not 
critical to the success of the present invention. The forming fabric can be any art recognized 
foraminous member including single layer fabrics, double layer fabrics, triple layer fabrics, 
photopolymer fabrics, and the like. Non-exhaustive background art in the forming fabric area 
include U.S. Patent Nos. 4,157,276; 4,605,585; 4.161,195; 3.545.705; 3.549.742; 3,858.623; 
4.041.989; 4.071,050; 4.112.982; 4.149.571; 4.182.381; 4.184.519; 4.314.589; 4.359.069; 
4,376.455; 4.379.735; 4.453,573; 4,564.052; 4,592, 395; 4,611,639; 4,640,741; 4,709.732; 
4,759,391; 4.759.976; 4.942.077; 4.967.085; 4.998,568; 5,016,678; 5,054.525; 5,066,532; 
5,098.519; 5.103.874; 5.114.777; 5.167.261; 5,199.467; 5,211,815; 5,219,004; 5,245.025; 
5.277.761; 5.328,565; and 5,379.808 all of which are incorporated herein by reference in their 
entirety. The particular forming fabric is not critical to the success of the present invention. 
Forming fabrics found particularly useful with the present invention are Appleton MUls Forming 
Fabric 852 and 2160 made by Appleton Mills Forming Fabric Corporation. Florence, MS. 

On the forming fabric the web is non-compactively dewatered to a consistency fix)m 
about 10% to about 30%, more preferably from about 15% to about 25% and most preferably 
greater than about 20%. Dewatering is accomplished through vacuum dewatering with a steam 
shroud or by other art recognized methods. A non-exhaustive list includes capillary dewatering 
described in U.S. Patent No. 4,556.450 and foam assisted dewatering described in U.S. Patent 
No. 4,606,944. These patents are incorporated herein by reference in their entirety. 
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The web is then transferred from the first foraminous support to a second foraminous 
support. The two supports may be run at the same or different speeds. If the first foraminous 
fabric is run at a higher speed than the second foraminous fabric, this is referred to as fabric- 
fabric creping because it can be used in a mamier similar to traditional creping to modify the 
physical characteristics of the web. Preferably, the speed differential is at least about 1%, more 
preferably at least about 50/0, and most preferably the speed differential between the two forming 

supports is at least about 10%. 

The transfer of the web from the first foraminous support to the second foraminous 
support is accomplished by any art recognized means, including for example the u^^ 

transfer box. 

The nascent web is dried on the second foraminous structure to a consistency of at least 
about 40O/O. more preferably at least about 50«/o and most preferably at least about 650/0. Drying 
is preferably accomplished by the passage of heated air through both the web and the through- 
air-drying fabric, although any art recognized scheme for drying the web can be used. U.S. 
Patent Nos. 3,432,936 (Reissue 28,459). 5.274,930; and 3,303.576. each disclose through-air- 
drying systems and each are incorporated herein by reference, in their entirety. 

The second foraminous fabric is frequently referred to as a through-air-dryer fabric. The 
type of through-air-dryer fabric is not critical to the invention. Any art recognized fabrics can be 
used with thepresentinvention. For example, a non-exhaustive list would include plain weave 
febrics described in U.S. Patent No. 3.301.746; semi twiU fabrics described in U.S. Patent No. 
3.974.025 and 3.905,863; bilaterally-staggered-wicker-basket cavity type fabrics described m 
U.S. Patent Nos. 4.239.065 and 4.191.609; sculpturedAoad bearing layer type fabrics described 
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U.S. Patent No. 5.429.686; photopolymer fabrics described in U.S. Patent Nos. 4.529.480, 
,637.859. 4.514,345. 4.528.239. 5.364.504. 5.334.289. 5.275.700. and 5.260.171; and fabrics 
containing diagonal pockets described in U.S. Patent No. 5.456,293. Tlie aforementioned list of 
patents are incorporated herein by reference, in their entirety. 

The web can be removed direcUy from the second foraminous structure without creping. 
As an alternative, the web may be adhered to the surface of a Yankee drying cylinder. Hie web 
can be dried to a consistency of at least about 96o/, and then creped from the surface of the 
Yankee. 

Suitable adhcsives for adhertag the web to the Yankee diyer include polyvinyl alcohol 
«ith suitable plasticizers. glyoxylated polyacrylami<ie »id, or without polyvinyl alcohol, and 
polyamide epichlorohydrin resins such as Q«aco« A.252 (QA252), Betzcreplus 97 (Be.^7) 
andCalgon 675B. Suitable adhesives are widely described in the patent Uterature. A 
comprehensive but non^xh««iv. Ust includes U.S. Patent Nos. 5^46,544; 4,304,625; 
4,064,213; 3,926,716; 4,501,640; 4,528316; 4.788,243; 4,883,564; 4,684,439; 5,326,434; 
4,886,579; 5 W34; 4,440,898; 5J82323; 4,094,718; 5.025,046; and 5,28U07 which are 
i,„<„p„«tedhereinb,r.fe.a«:.. Typical release agents can be used in accordance with the 

present invention. 

Creping of the sheet can be made by any conventional creping means. Any art 
agnized creping apparah. can be used with the pres«>.inv««ion and is no. cridcal to the 

^ocess of ^.epresentinventio,. Suitable crepmg.ppar«usisdescrib«iinU.S.PatentN^ 
4,192.709; 4,802328; 4,919,756; 5,403.446; 3.507.745; 4.1 14^28; 2.610,935; 3,017317; 
3.163375; 3.378.876; 4,432,927; 4,906335; 4.919.877; 5.01 1.574; 5.032.229; 5.230.775 which 
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are incorporated herein by reference. Further creping apparatus that may be used with the 
present invention is described in SerialNos.08/320Jll.filedlO/ll/94,08/359,3l8.m^^ 

12/16/94, and 08/532.120. filed 9/22/95 entitled. "Biaxially Undulating Tissue and Creping 
Process using Undulatory Blade." which are incorporated herein by reference. 

The web is preferably creped to impart a reel crepe of at least about 1%, more preferably 
at least about 5 %. most preferably at least about 8 %. 

Tl,e web is preferably monitored as it is generated. In one preferred embodiment, one or 
more of the tensile modulus of stif&ess. machine direction stretch and tensile strength are 
monitored and the following process variables modified to maintain the preferred product ranges: 

1) the degree of refining imparted to the long fiber component of the fiimish; 

2) the overall fiber composition of the fiimish; 

3) the amount of cationic wet strength agent supplied to the 

aqueoiis stream; 

4) the amount of anionic dry strength agent supplied to the aqueous stream; 

5) the amount of fabric crepe imparted to the nascent web; 

6) the amount of reel crepe imparted to the dried web; and 

7) the severity ofembossing to the dried web. 

Products produced according to the present invention preferably exhibit characteristics 
within the following ranges: 



Conditioned Basis Weight (Ib/rm) 
Caliper (mils/8 sheet) 



15-35 
70 - 150 
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MD Dry Tensile (g/3 in) 


3000 - 8000 


CD Dry Tensile (g/3 in) 


2200 - 7500 


(Geometric Mean) GM Dry Tensile (g/3 in) 


2700 - 7800 


MD Stretch (%) 


5-25 


MD Wet Tensile (g/3 in) 


600 - 2400 


CD Wet Tensile (g/3 in) 


450-2000 


GM Wet Tensile (g/3 in) 


500 - 2200 


CD Wet/Dry Tensile Ratio (%) 


20-40 


Adsorbency (g/m^) 


125 - 400 


GM Tensile modulus of stif&iess (g/3 in-%) 


50 - 150 



After removal of the dried web, the web can be processed directly but is generally wound 
to a reel and then embossed in a separate process. The embossing process of the present 
invention can include any conventional process understood by the skilled artisan. Preferred 
emboss schemes used with the present invention are disclosed, for example, in U.S. Patent No. 
5.458,950, incorporated herein by reference in its entirety. In the prior art, the aforementioned 
emboss patterns are named as the "BEC" & "Quilt" patterns. The design of flie emboss pattern is 
not critical to tiie invention and selection of an appropriate emboss pattern would be well 
understood by the skilled artisan. 

The product of the present invention can be prepared as a stratified or non-stratified 

product. 
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The following examples are not to be construed as limiting the invention as described 

herein. 

Cvamnle 1 

M aqueom stream of furnish contaimng long fibers having weight-weighted fiber length 
of 2.6 nm. was combined with 28 IbsH- of Kymene 557 LX (tradename for polyamide- 
epichlorohydrin resin sold by Hercules Incorporated of Wilmington. Delaware) and 3.8 Ibs/T 'of 
carboxyl methyl cellulose (CMC-7MT sold by Hercules Incorporated of Wihnington, Delaware). 
The charge in.l« ftoni* atthe headbox was-ll.l meqx 10- per lOmls. The aqueous slurry 

was formed into a nascent web with an S-wrap B«n wire fomnng apparams at 1820 feet per 
minute. The web was transferred to a single lay« through-air^er (TAD) fabric having a series 
ofcompressedandnon^ompressedareas. TT,e web was transferred from the TAD ftbric and 
adhered ,0 and creped ftom a Yankee dryer. Tbe dryer speed was 1755 feet/min. 

The product was embossed using a quil, pattern described in U.S. Paten. No. 5,458.950. 
The product attributes are set forth m Table 1, as shown below. 

Absorb«Ky was detemuned using the toUowing method. The sample table was set a 
finite distance aboveareservoir of wat.r..ypically 1.5 cm. Tl««at«r.«rvoir rests on 
balance sothatchangesinweightdueto water removal from the res«voir by absorption in the 
samplec.nbe«oni«.redandr.co«ied.Around50mmsamplewaspl.c«ion,he sample table 
over.Smm diamet^hole which is connectedtothe water reservoir byambbermbe.TlK.able 
is quicldy lowered andthen,3isedtol.5 emu, imtWlyw«the sample. The capUlaryacdonof 

the sample draws waer ou. of flte reservoir. While ^ sample is absorbing wa«r, the instrument 
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is intermittenUy storing weight and time data. The termination criteria are set at less than 0.001 g 
change in sample weight over a thirty second time interval. At the end of the test, the instrument 
transmits the data to an attached computer. An appropriate computer program performs the 
necessary calculations and displays the results. 

Tensile modulus of stif&iess is measured on a Sintech 1 S Computer Integrated Testing 
System using a one inch specimen width, a four inch gauge length, and 0.5 in/min crosshead 
speed. The tensile modulus of stiffness is the ratio of load to stretch at 100 gms of load. 

Product attributes are often best evaluated using test protocols in which a consumer uses 
and evaluates a product. In a "monadic" test, a consumer will use a single product and evaluate 
its characteristics using a standard scale. Sensory softness is a subjectively measured tactile 
property that approximates consumer perception of sheet softness in normal use. Softness is 
usually measured by 20 trained panelists and includes internal comparison among product 
samples. The results obtained are statistically converted to a usefiil comparative scale. 



Finished Product Properties: 


EXAMPLE 1 (F4-B) 


Basis Weight (Ib/rm) 


24.9 


Caliper (mils/8 shts) 


101.5 


MDWT(g/3") 


1753 


CDWT(g/3") 


921 


GMWT(g/3") 


1271 


MDDT(g/3") 


5462 


CDDT(g/3") 


2578 


GMDT(g/3") 


3753 


Tensile modulus of stif&iess 
(g/in-%) 


89.6 


Absorbency (g/m^) 


189.7 
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Consumer Test Results: 




Sensory Softness 


1.23 


Monadic Feel of Towel When 
Drying Hands 


6.93 


Monadic opeea oi /w^uiudi^j 
When Drying Hands 


6.91 


Monadic Thoroughness 

of Hand Drying 


7.81 


Monadic Overall 


7^02 



Examples 2 and 3 were carried out in the same manner as Example 1 except the conditions were 
as set forth in Table 2 below. 



Vlacfai ne Conditions: 

Forming Speed (fpm ) 



Yankee Speed (fpm) 



Reel Speed (fpm) 



TAD Inlet Temp (F) 
Post TAD Sol ids (%) 
WSR(lbs/T) 
CMC (Ibsn*) 



TAD Fabric Type 



Titer HB (meg x \0*nO ml) 
Furnish 
Broke (%) 
Calendering 
Fmish Product Properties: 
Basis Weight (Ib/rm) 



Caliper (miis/8 shts) 



1861 



1800 



1688 



445 



28 
4 



Asten938X 



7.3 
Lo ng Fiber 
25 

Calendered 




E?CAMPLE3(MH'8) 



1862 



1800 



1688 



443 
65.4 

28 

4 



Asten938X 



2.5 



L ong Fiber 
25 

Uncalendered 
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In product evaluation, significant infonnation can be obtained by forming comparisons 
including both subjective and objective product attributes. Figure 1 is a plot of the relationship 
between the scalar rating ofthe subjective feel ofatowelinamonadic test versus the geometric 

mean wet tensile strength. A towel product according to the present invention is labelled F4.B. 
For comparison purposes, the same data has been plotted for single-ply KC Surpass® 50000, 
Scott 180, Scott Select® 189 and of one James Rivers current commercial single-ply folded 
towel products. 

Figure 2 is a plot ofthe relationship between the scalar rating ofthe subjective speed of 
absorbency of a towel in a monadic test versus the geometric mean wet tensile strength per unit 
of basis weight. A towel product according to the present invention is labelled F4.B. For 
comparison purposes,the same datahas been plotted for single-ply KCSurpass® 5^^^^ 
180. Scott Select® 189 and one of James River's current commercial single-ply folded towel 
products. 

Figure 3 is a plot ofthe relationship between the scalar rating ofthe subjective speed of 
absorbency ofatowelinamonadic test versus the geometric mean wet tensile strength. At 
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p^toct according to the present invenUon is lal^Ued F4.B. For comparison purposes, ,i,e same 
data has bee. plotted for singie-ply KC Surpass* 50000, Sco« 180. Scot, Select* 189 a^i one 
of James River's current commercial single-ply folded towel products. 

Figure 4 is a plot of the relationship l«w.en the r«ing of the subjective s»«ory softness 
«st versus the geometric mean w« tensUe str«.g.h. Towel products according to the presem 
tavenUon are labelled F4.B, MH7 and MH8. For comparison purposes, the same data has been 
plotted for smgle-ply KC Surpass 50000. Scott Select* 189 andone of James Rivers current 
commercial single-ply folded towel products. 

Figure 5 is a plot of the relationship b«ween the scalar rating of the overall subjective 
p«oeption ofatowelinamonadictest versus the geometric mean wettensile strength. Atowel 

product according to the present invention is labelled F4.B. For comparison purposes, the same 
data has be«. plotted for single-ply KC Surpass* 50000. Scott 1 80. Scott Select* 189 and one 
of James River's current commercial single-ply folded towel products. 

Figure 6 is a plot of the tensile modulus of stiffitess versus the geometric mean wet 
tensile strength. Towel products according to the present invention are labelled F4.B. MH7 and 
MH8. For comparison purposes, the same data has been plotted for single-ply KC Surpass* 
50000. Scot. 180, Scott Select* 1 89 and one of James Rivers c^ren, commerical single-ply 

folded towel products. 

Figure 7 is apiot of the absorbency measured as grams of water absorbed per gram of 
fiber versus the geometric me». wet ,«,sUe strengd. A towel product according to the pres«.t 
invcnUonis labelled F4-B. For comparisonpurposes, the samedatahasbeotplott^i for single- 
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ply KC Surpass® 50000. Scott 180, Scott Select® 189 and one of James River's current 
commercial single-ply folded towel products. 

Figure 8 is a plot of the absorbency measured as grams of water absorbed per gram of 
fiber versus the geometric mean wet tensile strength per unit of basis weight A towel product 
according to the present invention is labelled F4-B. For comparison purposes, the same data has 
been plotted for single-ply KC Surpass® 50000, Scott 180, Scott Select® 189 and of one James 
River's current commercial single-ply folded towel products. 

Figure 9 is a plot of the relationship between the scalar rating of the subjective 
thoroughness of hand drying of a towel in a monadic test versus the geometric mean wet tensile 
strength. A towel product according to the present invention is labelled F4.B. For comparison 
purposes, the same data has been plotted for single-ply KC Surpass® 50000, and Scott Select® 
189. 



F^ample 4-6 

Examples 4 through 6 were carried out in the same manner as Example 1 except the 

conditions were as set forth in Table 3 below. 

Table 3 




Machine Gonditionsr 



Fumish 



Yankee Speed (fpm) 



Reel Speed (fpm) 



90% west coast 
long fiber 
10% broke 



2730 



2456 



50% west coast 

long fiber 
50% north central 
long fiber 



2730 



2475 



90% west coast 
long fiber 
10% broke 



2648 



2414 
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EXAMPliE.4. 


EXAMPLES 




Machine Conditions: 








WSR(lbs/T) 


36 


25 


JO 


CMC {IhsTT) 


Varied to control 
headbox charge 


Varied to control 
headbox charge 


V anea lo conirui 
headbox charge 


Calendering 


None 


None 


None 


Refining Power (Kw) 


193 


209 


218 


Basis Weight (Ib/rm) 


12.8 


14.1 


14.8 


% Crepe (%) 


10 


9 


9 



F,?t»mpig 7 

Example 7 was carried out on a low speed pilot paper machine using a furnish of 30% 
southern hardwood / 70o/. southern pine. The wet strength resin was KYMENE 557H® and was 
added at 20 Ib/T. CMC 7MT was added at 0 to 12 IbH^ in order to control headbox charge. TTie 
basis weight was approximately 16 Ib/rm. 

The results from Examples 4, 5, 6, and 7 are plotted in Figure 10 as wet geometric mean 
breaking length versus headbox titratable charge and in Figure 11 as wet geometric mean 
breaking length versus streaming current. 

Other embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is intended 
that the specification and examples be considered as exemplary only, with the true scope and 
spirit of the invention bemg indicated by the following claims. 
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